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Here is a field that assumes ever-greater importance in the 
technology of guided missiles. 


At Lockheed Missile Systems, reliability is stressed as a 
philosophy of operation — from research to manufacture. 
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Development Staff at Sunnyvale 40, California. 
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OUR 100TH SECTION 


During the Fourth Annual Western Regional 
Quality Control Conference at San Francisco on 
September 9-10, your president presented a charter 
to William Grierson, chairman, and Jeanette Ashton 
secretary-treasurer, of the new Sacramento (Cali- 
fornia) section 

Charter presentations to new sections are always 
noteworthy events within ASQC. However, this one 
takes on a special significance because the Sacra 
mento group 1 the 100th active section in the So- 
ciety. Its char- 
ter is dated Au 
gust 1, 1957 

Although this 
is an achieve- 
ment which 
probably will 
go unnoticed by 
industry at 
large this is 
unfortunate be- 
cause the event 
has significance 
that is not read- 
ily apparent 

The Ameri- 

‘an Society for 
Quality Control 
was founded in 
February 1956 
with 17 sections 
and a scant 1250 
membership. In 
ynly eleven 
years the membership has grown to 10,500. In 
eleven years and six months 100 active sections have 
been founded in industrial centers across the nation 
and in Canada, Mexico, and Japan. An entirely new 
profession and professional society now exist where 


none existed before 


This organization is a serious minded one. Its 
membership is seeking continually to establish wider 
applications of these technical but uncommonly ef- 
fective methods for the economical control of the 
quality of manufactured product and processes 
Ten and a half thousand individuals did not affiliate 
with it for fun. American industry did not invest 
dollars and time in it because they had nothing 
else to do 

Our Society has grown and increased the effective- 

ness many fold, 
because it fills 
a real need of 
American in- 
dustry. The So- 
ciety seeks to 
assist 1n train- 
ing and educat- 
ing industrial 
personnel to 
make the mod- 
ern quality con- 
trol function 
one that is 
based on sound 
economics in- 
stead of on in- 
tuition and 
wishful think- 
ing. The rapid 
growth which 
ASQC has had 
attests to the 
great need of 
industry for this service. Our hats are off to the 100 
sections of the Society, to the men in industry, and 
to our schools and colleges which have cooperated 
so magnificently to make the modern quality control 
profession so dynamic. 


Sincerely, 


) 


fx 
“Ltn “OG@eo 
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The Quality Manager and Quality Costs 


W. J. MASSER 


General Electric Company, New York, N. Y. 


Introduction 


The operation of every business is based on cost. There 
are costs for marketing, engineering, manufacturing 
along with other costs that are necessary to design, to 
make, to sell and to ship to the market place, products 
which influence customer desires 

Interwoven throughout all these costs are the impor 
tant expenses that are devoted to acquire quality com- 
ponents, with which to produce a satisfactory product 
that will constantly maintain the desired product quality 
levels 

This article is devoted mainly to the costs related to 
assurance of product quality, because all industry is 
presently plagued with continuing pressure by cus- 
tomers for better and better quality produc‘s. And this 
pressure comes at a time when quality costs are at their 


level exists because 


} 


highest level. Perhaps this high 
many businesses are operating with obsolete quality 
practices 

The solution of this twofold problem—maintaining 
customer satisfaction and reducing quality cost—must 
come from the managers of quality control 

To develop the solution, the quality control manage: 
must become adept in analyzing the whole business 
cycle from the standpoint of quality effort and quality 
costs. To do this analysis there is a positive need for 
establishing quality objectives, quality goals, and quality 
programs that will assure the success of any planned 
quality control activity. Along with the establishment 
of these objectives, goals, and programs is the need to 
measure the progress of the quality control effort in the 
attainment of its objectives and goals and the extent to 
which quality control makes a contribution to the busi- 


ness as a whole 
Quality Levels and Their Cost 


As a first approach to measurement, the quality mar 
ager must answer these questions 

1. What are our present quality levels‘ 

2. How are we controlling these levels? 

3. What does it take in quality costs to support this 

control? 

The answers to questions such as these can be, at 
times, very difficult to obtain without the proper meth- 
ods. The need, therefore, is definitely for better meas- 
urement technique 

This need is illustrated by the story 
tlous boy who stopped at the corner di 
the phone. This is the st that Mr. Smith 
heard 

“Hello, Dr. Jones? Do you need a boy to cut you 
grass? You don’t? You just hired a boy? Well, how is 
he doing? Is he giving satisfaction? He is! Well, thank 
you, Dr. Jones.” 

As the boy was leaving the drug store, Mr. Smith 
expressed his sympathy to the boy for not getting the 
job, to which the boy replied, “Oh, I got the job all 
right, I was just checking.” 
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And so it is with the quality control manager. He 
must also check and recheck for good performance. A 
method that we have found very useful in this area is 
the quality cost analysis method. To explain briefly 
quality costs, as we see them, are segregated into thre: 
distinct areas 

1. Prevention costs which are spent for the purpose of 

keeping defects from occurring in the first place 
Included here are such costs as quality engineering 
employee quality training, quality maintenance of 
patterns and tools, and writing quality assurance 
instructions 

Appraisal costs which include the expenses for 
maintaining company quality levels by means of 
formal evaluations of product quality. This involves 
such cost elements as inspection, test, quality audits 
outside endorsements, and laboratory acceptance 
examinations 

Failure costs which are caused by defective mate- 
rials and products that do not meet company quality 
specifications. These include such loss elements as 
scrap, rework, field complaints, spoilage, etc 

There is a definite advantage for grouping the quality 
cost elements into these three major areas because we 
can then regard quality cost as the total of prevention 
cost, plus appraisal cost, plus failure cost. It simplifies 
the grouping of twenty-four cost elements which make 
up a complete quality cost analysis record. Therefore, 
nstead of twenty-four variables, only three basic vari- 
ables are involved 

These three major areas now tell us where and how 
much money we are spending for prevention, appraisal 
and failure. However, to have complete measurements 
t is necessary to have comparison bases to enable us to 
elate these quality costs to the rest of the business 
operation. Here are three comparison bases that have 
been used successfully in some businesses 

1. Contributed Value 

This is the value contributed by the product de- 
partment in designing, manufacturing, and selling 
the end product. It is calculated by subtracting the 
cost of outside purchased materials and services 
from net sales billed. For example, if a product 
line had a net sales billed of $40,000 and of that 
amount $16,000 was for purchased material and 
service, by subtracting we find that the contributed 
value is $24,000 

Net Sales Billed 

This is the total amount that is billed, by a business 
for products sold during a given period 

Operation Labor 

This is the actual input of dollars for labor and 
includes all planned labor operations 

Having three bases such as these will assure you that 
at least one basis will reflect a true indication of com- 
parison when the other bases are temporarily throwr 


rut f balar ce by possible short-term changes 





Dur 1¢ t Tools 
IS all labor expended on Mmain- 


10n-durable tools such as drills 


and oth iall machine and 
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y Many business 


production line snop 
report directly shop 
checking function, by shop check« 


ot contormance 


quality cost 
Set-up for Test and Inspectior 


Includes all compensation 


expended in 


associated equipment 


tions, ¢« 


ir apps 


‘X” Business Quality Cost 


Area II!. Failure 
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As can be seen trom the exan pies of two quarters, tne 
percentages begin to tell a story of the cost of quality 
They show the percentage spent in each area, the rela- 
tion to the comparison bases, and the difference between 
twe quarters. However, it is quite apparent that the 
two quarters also show there is still not sufficient data 
to make a decision. Six quarters will give the needed 
data and will show trends 

To gain additional data, these quality costs broken 
down by product lines or segments of process flow will 
allow pin-pointing of the areas that merit the highest 
priority of quality control effort. To illustrate how this 
is done and show the results obtained, let us break down 
the first quarter into two product lines and relate them 
to the comparison bases 

Breaking our costs down by product lines makes it 
possible to see the comparison of one line to another 
and also to highlight additional facts necessary to mak- 
ing a sound decision 

All of the quality cost data and information are vitally 
necessary for the management of quality control. There 
are four major results obtained from accurate quality 


costs 


1. Quality costs provide an accurate tool for measure- 
ment of overall business quality performance 


Quality costs are an analysis tool, used to indicate 
where quality money is being spent 


They provide a tool for programming the when, the 


where, and how of quality improvements 


“X” Business Quality Cost 
By Product Lines 

Ist Ist 
Areas Quarter Quarter 
Line A Line B 

Prevention 5.0% 10.4° 

Appraisal 16.2 32.0 

Failure 78.8 57.6 


Total 100.0¢ 100.0% 
Quality Cost % to 
Contributed Value 11.2 
Net Sales Billed 9.3 
Operation Labor 124.0 


4 The y make a fine budget t Ts) | to enablk 
casting of realistic needs 

These four advantages assist the quality manager to 
better assume his responsibility of maintaining quality 
at an optimum quality cost. He can now establish real- 
istic objectives, goals, and programs to carry out his job 
and to obtain the greatest return from his organization 
through better direction of effort. Even another advan- 
tage is the opportunity to set correct product quality 
levels which will return optimum quality benefits to the 
business and the custome! 

By utilizing quality costs to their fullest extent, the 
manager of quality control is able to make cost reduc- 
tions in his operations which will improve the competi- 
tive position, and these two improvements will provide 
the way to a greater profit advantage 











Cultural Patterns and Quality Control’ 


J. M. JURAN 


Consulting Management Engineer, Tuckahoe, N.Y. 


ps some years I have been struck by the recurrence 
of difficulties in introducing modern quality control 
techniques.* I have also been struck by the way in 
which recent studies by the cultural anthropologists and 
industrial sociologists seem to bear so directly on this 
problem 

To simplify this presentation, I will first restrict my 
observations to but one aspect of modern quality control 
techniques, the Shewhart Control Chart, hereafter re- 
ferred to as “control chart” 


Lack of Shop Acceptance of Control Charts 


There has been great difficulty in getting production 
operators and supervisors to accept control charts as a 


*Presented at the Thirteenth Annual Quality Control Clink 
Rochester, New York, February 19, 1957 


tin my view, modern quality control techniques are numerous 
They include quality planning; organizational separation of accept- 
ance, prevention and assurance; instrumentation for variables meas- 
urement; inspection planning; programmed defect prevention; psy- 
chological approaches to quality-mindedness; scientific sampling; 
control charts; statistical analysis of data; and still others 


shop tool. I believe this to be a statement of fact, based 
on extensive first-hand observation of the shockingly 
high mortality rate of control charts when actually in- 
troduced on the shop floor 

This difficulty is not merely a current phenomenon 
We encountered it back in the late 1920’s in the pioneer- 
ing effort to use control charts on the production floor 
of the Hawthorne Works of the Western Electric Com- 
pany. Neither is it merely an American phenomenon, 
since I have witnessed the same difficulty in Western 
Europe and in Japan as well 

(The published literature does not reflect the fore- 
going. This, however, is due solely to the bias inherent 
n published industrial papers. Industrial companies 
rarely “clear” failure stories for publication, only success 


stories. ) 
Why Doesn‘t the Shop Accept the Control Chart? 


We can classify most of the asserted reasons into two 
broad groups 


INDUSTRIAL QUALITY CONTROL 








e Engineering mistakes in applying control charts, and 
e Resistance to change on the part of shop personnel 
I will first dispose of the asserted engineering mis- 
takes so as to pave the way for a discussion of Cultural 


Patterns and Control] Charts 
Engineering Mistakes in Applying Control Charts 


There have been a series of these 

(a) Over-enthusiasm for statistical methods to a 
point of introducing control charts as an exercise in 
applying what one has learned at school rather than 
as a response to realistic shop needs 

(b) Uneconomic application of control charts in in- 
stances where control exceeds the value 

of control 

(c) Misapplication of the control chart to instances 

where the need is to discover failure to meet specifi- 

cations rather than to discover statistically significant 

causes of variation 

The foregoing and related varieties of failure un- 
doubtedly are attributable to ine perience on the part 
of quality after all, a rather 
new spec rtainly : ‘se men have gained 
experience heir skill in making 
applications 

However, even in those companies wv here the quality 
control engineers have progressed beyond the awkward 


+ 


1 
stage there is still 


reat difficulty in securing shop ac- 
ceptance of the ol chart.* That vy, even 
where the engir ‘s have passed the ge of over- 
enthusiasm, have learned their economics of cor 1, and 
have acquired skill in chart devi the 1 the 
classical Shewhart chart, they Impasse in 
This brings 
us to the second group of asserted reasons tor non- 


acceptance of control charts, the resistance, to change, of 


securing shop acceptance of chart co 


the shop personnel 
Cultural Patterns and Resistance to Change 
It is a widespread practice for staff people to look on 


resistance to change as an unwarranted inertia in the 
face of new ways whose logic is unassailable. But the 


cultural anthropologists and industrial sociologists are 


shedding new light on what is behind resistance to 
change 

These social scientists note that a “technical” change 
is made up of two basic aspects:4 

(1) The technical aspect 

(2) The social aspect 

The main trouble-maker is the social aspect of the 
change, not the technical aspect 

The cultural anthropologists put the matter in terms 
of “cultural patterns and technical change”.* They note 
that any long standing human society develops ways of 
thinking and acting (called the “culture”’). They note 
further that introduction of changes into the society must 
be done with an understanding of the effect of the 
change on the culture. Failing this, there is great risk 
that the change, however sound technically, will be 
rejected none-the-less because the price of acceptance 
i.e., destruction of habits and practices, is too high in the 


view of the members of the society 

*There has f cour mn much headway ad in use of the 
control chart by quality rol engineer test laboratories, et 

+See for example. Pa Lawrence “How to Deal With Resistance 
to Change,” Harvard Business Review, May-June 1954 

tSee “Cultural Patterr and h al Change”, Margaret Mead 
Editor; United Nations Educatior tiie and Cultural Organi- 
zation, Paris 1953; Reprinted as a Mentor ook by New Americar 
Library 1955. For a discussion of » industrial implications of this 
book see J. M. Juran Improving Relationship between Staff 
and Line”, Personnel, May 1956 
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It is my belief that the failure of the control chart to 
secure wide acceptance on the factory floor is due mainly 
to lack of adaptation into the culture of the factory 
rather than to technical weaknesses in the control chart 


Cultural Patterns and Contro/ Charts 


Viewed in this light, the main cause of failure of the 
shops to adopt control charts is not to be found by dis 
cussing control charts from the viewpoint of the quality 
control engineers. Instead, the implication is that the 
main cause will be found only if we examine also the 
problem as the shop personnel view it. This we can do 
by studying the before and after situation on the pro- 
duction floor 

The broad effect of the control chart on the operator's 
daily work habits may be seen in Table I. This shows the 
situation as to sources of information and decision 
before and after the advent of control charts 

The table is illuminating in showing how the control 
chart 

(1) Replaces the specification as a source of in- 
formation on what the process should be doing; 

(2) Replaces operator (or inspector) observation of 
the process (or product) as a source of information 
on what the process ac-.ually is doing; and 

(3) Replaces operator experience as a basis for 
deciding when the process should be adjusted 


Problems Created by the Control Chart as Viewed by the 
Shop Supervisor 


There are a number of these, as follows 

(a) The control chart lacks “legitimacy”, i.e., it is 
issued by a department not recognized as having in- 
dustrial legislative powers 

(b) The control chart conflicts with the specifica- 
tion, leaving the operator to resolve the conflict 

(c) The control chart is in conflict with other forms 
of data collection and presentation, leaving the opera- 
tor to resolve the conflict 

(d) The control chart calls for a pattern of operator 
action which differs from past practice, but without 
solving the new problems created as a result of dis- 


turbing this past practice 


“Legitimacy” of the Control Chart 


The human passion for “law and order” does not stop 
at the company gate. Within the plant there is the same 


TABLE |—Operator Action Table 


Sources of operator's information or decision 


Before introduction of control 
hart t | 
charts; operator responsible for After 


meeting introduc 


tion of control 
charts 

Type of information Process Product . 

or decision needed Specification Specification 


1 Information on | Direct from | Direct from | From the con 
what the process process specifi product speci- trol chart 
should be doing cation fication 


2 Information on From process | From measure From the 
what the process ac instruments or ments on the trol chart 
tually is doing inspectors product 


3} Decision on From operator | From operator From the 
whether is doing experience experience trol chart 
differs from “should 

be doing’ by an 

amount great enough 

to warrant process 

adjustment 


From operator From operater| From operator 
experience experience experience 


4) Decision on ex 
tent of process ad 
justment needed 





In the « of the control charts, the « rator is con- 
fronted by a conflict (see below ) between statutes 
(specifications) enacted by undoubted official legislators 
(Design Department, etc.) and notices (Control Charts) 

partment (Quality Control) lacking the 
als rt an accepted legislativ d artmen It 


» me that he has no choice in such situations but 


} 


is not alone ir 


Manufac turing 
Industrial 


led soul 


requisitions 


tor < 
stome 


Conflict Between the Control Chart and the Specification 


ntrol chart is a1 
cification. Her 


= 
responsID1Lity 


nsistency 


TABLE !i—Distinction Between Tolerances : ave tended t 

These tools 

pre-control”’, et« 

10t whenever some “significant” change enters 
but only when : 

fication. Use of tl derivatives of 

it is argued, e inates the conflict 
Specification ' roduc re control chart and th vecification.* Hence 


issued by is argued. the operator should accept these new de- 


Tolerances concern ' dua : ; as working tools because y truly aid him in 
Instrumentat nh is } me ng his tradit onal responsibility : operator! 
— , might v k “If that is the case, why not relieve me 
Usual measur pmewes ‘ h n ility f n ing > SI} fication, since 
discover complian : 
by specincatior 
sound 
Decisions n w ) n ' “Ou »n ‘ pros I > tor. a ste p 
there s comp! In . 

. uiesion ‘ 
made usually by his origimali € 


while changing raditi al methods of 
[ 1 
Deviation from rot mn 4 ! ig h responsibility puts on he operator the 
non-functiona tol 
ances Product Design } ) . w venture Tt seems to me that as an act 
f tional ° . 
for — - ood | the risk should be b re by those who 


se. certainly through the trial period 


cation usually 
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control engineers take the sitic these new 
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Another important source ol! conflict 
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the traditional way as compared with th 
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Effect of Other Quality Control Tools on Cultural 
Patterns 


The example discussed in the foregoing has been con- 
trol charts. However, reflection will show that other 
modern quality control tools also have considerable 
effect on these cultural patterns 

A campaign to increase quality-mindedness is a di- 
rect effort to shift the the established pattern of habits 
to give greater emphasis to quality 

Any reorganization brings about new social groupings 
while destroying others. The creation of a Quality Con- 
trol Department is an example of this. It brings about, 
among other things, a separation of inspection planning 
from inspection itself. The effect on many people on 
the factory floor is obviously direct and profound 

So it is with other quality control techniques. The 
advent of variables gages to replace fixed-limit gages; 
the advent of scientific sampling, with a new dialect as 
well as new habits; the advent of extensive recording of 
data; the dawn of self-regulating machinery; the use of 
published scoreboards on quality performance; all these 
and other developments include social as well as tech- 
nical aspects of change. The technical aspects are easy; 
it is the social aspects which are the trouble makers. 


“Rules of the Road” for Introducing Technical Change 


This brings us to the findings of the anthropologists 
who have analyzed the impact of technical change on 
cultural patterns. Their recommendations* for reduc 
ing resistance to change include the following 


1. Secure the active participation of those who will 
be affected, during both the planning and the execu- 
tion of the change 

2. Strip off all technical cultural baggage not strictly 
(Many quality 
control engineers have been in violation of this.) 

3. Reduce the impact of the changes by weaving 


needed for introducing the change 


them into an existing broader pattern of behavior, o1 
by letting them ride in on the back of some acceptable 
change 
4. Put yourself in the other fellow’s place 
5. Make use of the wide variety of methods avail- 
able for dealing with resistance to change. These 
include 
(a) Persuasion 
(b) Change of environment in a way which 
makes it easy for the individual to change his point 
of view 
(c) Remedy of the cause of the resistance. (A 
remedy for the legitimacy problem is discussed 
below.) 
(d) Create a social climate which favors the new 
habits 
(e) Provide sufficient time for mental changes to 
take place. (Many changes have failed of accept- 
ance on this ground alone.) 
(f) Start small and keep it fluid 
(g) No surprises. 
6. Treat the people with dignity 


Staff specialists will be well advised to take theses 
“rules of the road” to heart. The rules are based on 
studies of resistance to many varieties of technical 
change by human beings in many societies. With so 
broad a base of study, the rules of the road become 
“universals”, i.e., they apply to human relations gen- 
erally 


*Margaret Mead, supra; paraphrased and exernplified in industrial 
terms by J. M. Juran, supra 
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In my experience, much of the early frustration 
among quality control engineers (as a rather new 
variety of staff specialists) can be attributed to unwit- 
ting violation of these “rules of the road”. With experi- 
ence, these engineers have improved their approach, 
though there is still a distance to go 

However, it should be noted that where the resistance 
to change is grounded in some fundamental, unshake- 
able practice in the culture, a strict following of the 
“rules of the road”, though necessary, is not sufficient to 
overcome the resistance. In such cases a way must also 
be found for dealing with this fundamental practice as 
well. In my view, the problem of “legitimacy” is of this 
fundamental character 


Making Control Charts “Legitimate” 


One way of achieving such “legitimacy” is through 
embodying the need for control charts in the established 
‘legitimate” sources of industrial legislation. There are 
three main areas of legislation dealing with quality 

e The Product Specification 

® The Process Specification or the Manufacturing 

Planning Instructions 

e The Inspection and Test Manuals 

To date the concept of “legitimacy” has made signifi- 
cant headway in only one area of industrial quality 
legislation, i.e., the Inspection and Test Manual. Here 
the quality control engineer is often the accepted legis- 
lator. The legitimacy thus derived has brought about 
considerable change in inspection and test practice, i.e 
scientific sampling methods, variables measurement 
seriousness classification of de 

In the case of Product Spe incation precede nts are 
already established for expressing product tolerances ir 
statistical terms. A leading id probably classical) 
example is found in the Bell System’s L3 coaxial trans- 
mission system." 


In that systen the product specifica- 


tions prescribe ior numel! yY quality character- 
IStiICS 
(1) A nominal value, 
(2) Maximum and individual 

inits of product, in the 

Maximum and minimum limits on the average for 
the characteristic, in the form of X + O0.la 
(4) Maximum standard deviation for the character- 

istic, in the form maximum o 

The manufacturing planning to meet these product 
specifications prescribed control charts in the “legiti- 
mate” manufacturing planning documents used regu- 
larly as a basis for costing, wage incentives, etc 

Use of the traditional sources of legislation evidently 
resulted in mobilizing the force of manufacturing plan- 
ning engineers as well as the production and inspection 
personnel. There was broad participation in the planning 
Processes were studied for capability, with resultant 
refinement in precision, and associated attainment of 
acceptable yields 

There is abundant evidence that use of the “legiti- 
mate” product specification and of the “legitimate” 
manufacturing planning documents is an important 
factor in so widespread an acceptance of control charts 


Conclusions 


Introduction of modern quality control techniques has 
an impact on the factory in two aspects 
(a) The technical aspect, involving change in proc- 
esses, instruments, records, and other technical fea- 
tures of the operation 
*H. F. Dodge and others Bell System Technical Journal, Vol. 32 


July 1953, p. 943-1005; also published as Bell System Monograph 2090 
These papers will repay detailed study 
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(b) The social aspect, involving changes in human 


status, habits, relationships, scale of values, language 
and other features of the cultural pattern of the shop 


The main resistance to change is due to the disturb- 
ance of the cultural pattern of the shop 


The problem of introducing technical change into a 
factory involves the same obstacles and solutions as are 
found in general problems of introducing technical 
change into cultural patterns 


Studies by cultural anthropologists and industrial 
sociologists, on the general problem of introducing tech- 
nical change into cultural patterns, have disclosed a 
universal “rules of the road” which should be 


followed by staff specialists in introducing technical 
change 

Though necessary, the observance of the “rules of the 
road” is not sufficient. There must also be a clearing of 
any fundamental obstacles to shop acceptance of mod 
ern quality control techniques 

One such fundamental obstacle, applicable to shop 
acceptance of control charts, is the fact that the control 
chart, while lacking “legitimacy”, conflicts with long 
standing industrial legislation whose legitimacy is be 
yond question 

Solution of this problem of legitimacy can bs 
through using the traditional sources of shop les 

e., specifications and methods _instructior 
vehicle for requiring control charts 


Acceptance Control Charts 


Introduction 


Control charts and acceptance-sampling plans have 
enjoyed widespread use and success during the past 
decade. The users of acceptance-sampling systems have 
often borrowed from control chart techniques and phi 
losophy in establishing their most efficient inspectior 
procedures. Little exchange has been made in the oppo 
site direction even though control charts are now olter 
used (or misused) as a method for accepting or rejecting 
a precess or its product 

Control limits derived by the usual methods are rarely 
the proper ones for control charts used in this acceptanc: 
sense, This is hardly surprising when one considers that 
control charts were developed as a guide for determin 
ing if and when some assignable cause entered into a 
manufacturing (or other) process and thereby changed 
it from its standard level, a control function as con- 
trasted to an acceptance function. The underlying as- 
sumption of Shewhart’s control chart system is a 
stable process operating at some standard level. His 
control limits are designed to “ring the bell” when an 
assignable cause puts in an appearance and thus in- 
validates the assumption. Naturally, the current control 
chart techniques are correct and proper for those situa- 
tions in which it is appropriate to assume a stable 
process level; and, indeed, there are a great many of 
these cases 

However, a large number of current users of control 
charts should operate under another set of assumptions 
that require a somewhat different approach and new 
techniques. More often than not, some shifts in process 
level must be expected and can be tolerated. These shifts 
usually result from assignable causes that cannot be 
eliminated because of engineering or economic consid- 
erations. They often enter the system at infrequent o1 
irregular, and even sometimes at random intervals, and 
the process then stabilizes at the new level (i.e., it runs 
in control with respect to inherent variability) until the 
next change in level occurs. One solution to this prob- 
lem has been to include variation due to these assignable 
causes in the inherent variability term used to calculate 
the control limits; but while this makes the limits some 
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Eastman Kodak Company, Rochester, N. Y 


‘bends the Dask 
Shewhart assumption without managing to furnish a 


what more practical, it, at best 


clear picture of what is actually happening 
The new assumptions parallel those of acceptanc« 
sampling more closely than they do those for the con 
ventional control chart. They apply to the situations ir 
which the control chart i ised to decide whether t 
accept or reject a process on the basis of whether or not 
the product will meet specifications. In these cas« t is 
not necessary for the process to run along a single 
standard line a zone around the | \ yield accept 
able product. What is wanted is protection against 
process that has shifted so far from the nominal value 
that it will yield some undesirable percentag: 


exceeding the specification limits. A number of peopk 


product 


especially those dealing with certain plans for modified 
control limits and sampling inspection b variables, al 
ready have been working unde: these assun ption 

It should prove benef 


to all users and would-be users of control charts 


varying degrees of formality 


acceptance nse to formalize this conce pt 
The Acceptance Control Chart Concept 


A new “Acceptance Control Chart” technique 
ved. It must require, as acceptance sampling 
dures do, the specification of tour value The: 
be 
1) An Acceptable Process Level, APL This 
process level farthest from standard that still yields 
product quality, in terms of either percent deft 
tive or deviations from standard, that we want to 
accept almost al a) of the time it occurs 
A Rejectabl rocess Level RPL This is the 
process level closest to standard that yields product 
lity that vant to reject almost al! (1—§) of 
the time it occu 
An _actio1 riteri (the 
simit) 
1) The Sample Size 
The zone between the APL and the RPL can be 


called the “Indifference Zone” because it represents 


Acceptance 


*Two papers which go particularly far in this direction have just 
ome to the writer's attention. They are by the English statisticians 


D. Hill™ and M. J. Moroney“ 
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Computatior Acceptance C 
is neither com r time-consuming 
ita tw | I tour requisites di 
APL, tl A ceptance Contr 


Sample Siz iu a Knowl dge Lo tn inherent 
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fir 


f riability, will completely defin« 
Accepti yontrol Chart System. (It is im; 


| 
that a and risk ill be selected for the APL and RPI 
that o will be known from past 


; 


1e¢ 
aiues resper 
experience r estimate in the usual control chart man 
ner from the or s computed from about twenty 
ample Ss.) 

The agecisior cr 


wcerning which two to specify will 
depend only upon the needs that have to be met by the 


particular acceptance-control-chart application. For ex 
| 


ample if a procedure is wanted that will insure 95 per- 


ent or higher acceptance of processes centered so that 
0.5 percent or fewer individual units would be outsid: 
specifications ind 95 percent ) higher rejection ol 
processes centered so that 2 percent or more individua 
units would be outside specifications, the APL and RPL 
resper tively can be spec ified TI e req lired sample S1Z¢ 
and location of the Acceptance Control Limit can be 
mputed once the inherent process variability is known 
nother situation, the APL may be specified on the 

the ability to center a process neal the nominal 
indicated by past experience Because of con- 

venien r some other factor, the sample size might 
be specified. Then the Acceptance Control Limit 


and the RPL can be computed, the former as the actior 
criterion and the latter for the purpose of knowing how 


’ 
ais” 


far the process can shift and hi a real, thougl 
small, chance of acc eptance 

Anothe: example might be the case in which wide 
specification limits are furnished. Here the RPL might 
be specified along with the sample size so that there will 
be assurance that process levels vielding poor material 
will not often be accepted. This time the APL and 
location of the Acceptance Control Limit can be com- 


puted. Knowledge of the APL will be helpful in indi- 
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cating how far the process level can be allowed to shift 
from the nominal value and still have a high probability 
of acceptance. Note that if this APL is much large: 
than is really necessary, it might be desirable to specify 
the RPL and a more realistic APL, and the problem 
then becomes one of the type of the first example. This 
should make it possible to determine a new (and 
smaller) sample size 

The only example to be discussed here in which the 
Acceptance Control Limit is specified is the case in 

hich the sample size is the second specification. This 
might be the situation in which it is desired to find the 
APL and RPL values for the control limits currently in 


ise. This would be desirable from the point of view of 


and how much protection is being obtaimed against ex- 

cessive shifts of the process levels 
The method of computation will be described in the 
first three of the following hypothetical examples. The 
jurth example is included to show the value of this 
when the specification limits are very nar- 


examples could be given, but since 





Figure 2 


the computations involved are essentially the same 


cases, these should suffice 


Example I 

Operation: Filling bottles with 10.0 cc of solution 
oe 

Measurement: Amount of solution. Nominal Value 
10.0 

Sources of Variability 

1. Among machine operators. Operators tend to do a 


reasonably consistent job for a given set-up ol 


equipment that determines their process level, but 
these levels rarely are at the nominal value and the 
differences are neither constant nor random 
Within operator. Slight random fluctuations; bot- 
tles, etc 
Measurement 
It is desired to accept the set-up by an operato1 
less than 0.1 percent of the bottles he fills lie outside of 


f 
i 


10.0 = 0.5 ce. It is desired to reject the set-up by an 
operator if more than 2.5 percent of his bottles exceed 
10.0 + 0.5 ce. A sample of n units is to be taken from 
each operator every half hour. The inherent variability 
of the process is measured by taking the ranges (R) of 
the n units. The standard deviation oy, estimated by 


l 
the R so obtained (oa i R) 
( 


from sources 2 and 3, within operator and measurement 


includes variability 


In this example, o'y 0.10 

If the inherent variability is assumed to be due t 
random causes having a normal distribution (if not 
normal, the appropriate values for the proper distribu- 
tion can be substituted), then the APL and RPL can be 
obtained by finding where a process would have to be 
centered to produce 0.1 percent and 2.5 percent respec- 
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tively of the individuals exceeding the specificatior TABLE 1—Selected Critical Values for the Normal Distribution 


limits. (See Fig. 1.) 


The APL values are obtained by subtracting 
from the upper specification limit (USL) and a 


to the lower (LSL); the value of ty 3.09 is 


3.09 (0.10) 


309 (0.10) 


obtained by subtract 
fication limit and addin 


1.96 l 


1.96 (0.10) 

cceptance Control Limits lie 
1.96 (0.10) 9.7 l ; 1 | L and 1.6450'/\/n inside the 
and RPL values. If 
Acceptance Control 


ies have been sper 
the locatio1 
tl 
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cAllTipjs 
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set-ups, t : al é al ne As ptan situation (e.g., Sto} 
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Control Limits mu n nil : : 
’ f 1 for sortir rr scrapping c.). The APL or RPL 


side the RPL as shown in zt. 3 ft ! possibl . ; 
1 . ll lescr fineer and production superviso! 


to have unequal a and 6 risks and this is often desiral ‘ : ; 
It is also ofter practi al 7 uil — sti n¢ I Ol y| ct vs I ‘ , = designed to do ana thu 
on one side of the nomu alu li ) I n or i niormation required for th 
es ( f the st appropri: itrol procedure 
e Fig. 4) 


rent stability 


control svsten wnk alis for a 


bottles na / eptar Control 


OCTOBER, 1957 15 








Figure 4 


on tne nominal 


or less (which would mean that 


percent of the individual bottles wil 


s) are reasonably sure (95 per- 


accepts d 


m the nominal 
which would mean that 
the individual bottles 
Ss) are reasonably sure 


« g rejected 


m the ominal 
less than + 0.30 
rr readjustment 

be sure 


sure oOo 


“indiffer 


The coatings narrow strips 
Variability all cor ared to that across, and 
a rational subgrouy a single lengthwise strip 
Because of al nsid ions, it is practical to 
measul a Samy] | I ibstrips randomly selected 

variability o 0.005 

rious samples, includes 

the-coat and measurement var- 

ided that strips across having mear 

ym the grand averag for the entire 

0.008 should be accepted with a 

percent. (This 
irbitrary 

nomics of manufacture, the ability 


decision may be 


elated to the use 


to mate! he me ! ‘ ( : _ 3 F © sore 
function re labil acr« the roll.) 

Now th ar + 0.008 and 1 1, the Accept 

be 1.645 « Vn outside the 

values will be another 1.645 

these limits, assuming a 5 percent (6) 

poor material as indicated in Fig. 5 


Acceptance Control Limits 


(.005) 

008 + 1.645 + 008 + A... (.005) 
V4 
(.005) 

008 1.645 Ay o-« (.005) 
V4 


RPL 


(.005) 
012 1.645 


\ 


V 
(.005) 


012 1.645 fi (.005) 
V4 


The interpretation of this acceptance control sj 


l. Strips across the coating which have an average 
thickness deviating from the average thickness of 
the entire coating by 0.008 or less will be reason- 

ably sure (95 percent or higher) of acceptance for 

uniformity 


2. Strips across the coating which have an average 
thickness deviating from the average thickness of 
the entire coating by 0.016 or more will be rea- 

sonably sure (95 percent or higher) of rejection for 


lack of uniformity 


}. Strips across the coating which have an averags 
thickness deviating from the average thickness of 
the entire coating by more than * 0.008 but less 
than + 0.016 may or may not be rejected for lack 
of uniformity. These represent thickness deviations 

which are not so small that they should definitely 

be ac cepted nor so large that they should definitely 


be re jected 


Note that if this “indifference zone” of 0.008 to 0.016 
is considered too wide, it can be reduced by the use of a 
16 instead of 4, the Accept- 

0.010 and the RPL values 
become + 0.012. Or, if instead of demanding greate1 


larger sample size. If n 
ance Control Limits become 


precision, it is decided to demand that a better job be 
done in obtaining uniform coatings, the APL can be 
shifted closer to the nominal value. For example, if it is 
decided that a deviation of + 0.004 is as far as the 95 
percent acceptance protection is to go, then for a sample 
size of 4, the new Acceptance Control Limits would be 
+ 0.008 and the RPL values * 0.012 


\ ACCEPTANCE 
NTROL LIMIT 





Figure 5 
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Example III 


Cut-off Operation Manutacture or Dowel Pins 


1.1250 0.0625 inches 





Tools 
rs be cause 


Wher 


Figure 7 
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Variation (sources 
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Figure 6 
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Table !|—Factors for Acceptance Control Limits 
Factor Ao is 


; computed 


X X 
l 


computed 





cee wWeun 


0.480 


326 « 


0.498 
0.432 
0.384 
0.347 
0.316 


0.294 


ered not bad enough to be sure of rejecting, nor to 1.1250 + 0.0100 inches. With o'y 0.0039, this means 


2.560'% irom the 


good enough so that it would be a waste of time that the specification limits are only 
to reset the cut-off tool if the process were not nominal valus Even if the set-ups are made absolutely 


accepted correctly, so that the process is centered at the nominal 


Example IV value, 0.52 percent of the dowel pins can be expected to 


. Se 
In this example we deal with the same situation as in exceed the upper specification limit and 0.52 percent to 


Example III, except that the specifications are tightened fall below the lower limit. Setting the APL at the nomi- 
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nal value and selecting an a risk of 5 percent, we say percent, A. = 0 (which is 1.1916) must be used to adjust 
that we want to be sure of accepting 95 percent of the ; ; (C.3.) €, 
the t,, value, and the formula becomes ; 


” (C.T.) ta + tg 


set-ups right at the nominal value which will produce 
a 


the minimum percent defective (1.04 percent) that can 
be obtained with this combination of inherent variability ; 

and specification limits. Having an APL, we now need a Thus the ACL will lie a fraction 1.1916 ¢ 
second specification in order to establish the a ceptance 


0.05 


1.1916 ty os + t 
of the distance between the APL (1 1250) and the RPL 
(1.1250 0.0026) 
nal value and, say, 5 percent a and ' risks, the Accept- o1 1.1250 + 1.960 _ (0.0026) 1.1250 + 0.0014 
ance Control Limits are found by multiplying oy by the 1.960 + 1.645 
Ayo; term in Table II which, for a 5 percent and Fer te 

1, is 0.822 and also by the correction term for two- Similarly, n 

probabilities found in Table III which, for a 5 
percent and A. 0, is 1.1916. Thus (3.605) (0.0039) 
ACL 1.1250 + (0.822) (1.1916) (0.0039) 0.0026 

1.1250 + 0.0038 


The RPL values will lie Ay »; ow outside the Acceptance 


control system. Assume the decision is to use a sample 
size of four dowel pins. Then with the APL at the nomi- 


Thus a sample size of 29 dowel pins and Acceptance 


Control Limits : ~- ’ : 
RPL 1.1250 + [ (0.0038 (0.822) (0.0039) | Control Limits of 1.1250 0.0014 will be required to 


1.1250 0.0070 
This is equivalent to saying that the RPL 
0.0070 


insure that 95 percent of perfect set-ups will be accepted 
and that 95 percent of set-ups which yield as high as 
3 percent defective units will be rejected 


1.79 o'w away from the nominal value 


0.0039 
(2.56 — 1.79) o'w = 0.77 o'w from the specification limit General Comments 
Thus a set-up centered at the RPL, which would still be 
accepted 5 percent of the time, would produce 22.1 per- Acceptance Control Charts are basically a cross be- 
cent of the dowel pins outside specifications tween the Shewhart Control Chart and plans for sam- 
Assuming that this RPL is too high, it might be desir- pling inspection by variables where the standard devia- 
able to specify an RPL as the second requisite and tion is known'"!, The use of an action criterion (the 
calculate the sample = Suppose we decide on rt Acceptance Control Lin it) to dete rmine whether to 
RPL such that there will be only a ° percent [) —_ accept or reject a process for a given size sample and 
of accepting a set-up which will yield as much as 3 standard deviation, coupled with the description of the 
percent defective. Using a table of one-tail areas unde: APL and RPL, is essentially a variables sampling plan 
the normal distribution, it is found that a process cen The major control chart contributions are the control 
tered at 2.56 oy 1.89 oy 0.67 oy will produce 2.94 chart for sample standard deviations or ranges, the slot- 
percent dowel pins exceeding the upper specification ting of the averages for each sample, and the anatind 
limits and 0.06 percent falling below the lowe! limits at regular control chart intervals of production which i. 
Thus the RPL values will be 1.1250 + 0.67 oy 1.1250 


orale . _ in process, rather than accumulated into inspection lots 
0.0026. The computation of the Acceptance Control of { 


; l 1] I | th t E inished product The relative influence of these two 
mit an ample size will be simuar to that In Exampit . So 
L ind sample siz . geet" parent sources will vary in different applications. Thus 
| rcent a risk is a two-tail risk . ‘ 
I except “aig o 9 percent a - I . a two 7 : ‘ Example II leans very strongly toward variables sam- 
because the APL coincides with the nominal value ; . 


Therefore the correction term from Table III for a 5 »9 


(Continued on page 22) 


Table 1!|—Correction Terms for Acceptance Control Factors 


to the Nominal Value (withi: 5 I ra > percent 3.0 « n for ' 


When the Acceptance Control Limits are too close 
percent; + 3.2 
probabilities n 
«OR 

A Deviations of the Acceptance Control Limi 
determined from the Acceptance Control Limits 

As Deviations of the APL values from the Nominal 
be determined from the APL values 


tier ‘ 


a n for a 0.5 percent; + 3.5 6 n for a ).1 percent correction 0 actors in Table II are required since two-tail 
ist replace the one-tail probabilities otherwise applicable The factors i able should be multiplied by the correction tern 


t from the Nom ie in tern yf > n. To be used when the APL values are to be 


Value iz rms « ‘ I ) ised when the Acceptance Control] Limits are t 


A oz A A oA ; A CF 
960 r 1.1916 | 2.576 0 1.1072 1.291 0 1.0648 
0.100 1.1366 | 2.589 0.100 : 1.0700 | 2.82 0.100 3.307 0.100 1.0378 


970 
—RE 


999 0.200 1.0935 2.625 0.200 1.0426 y. Y 0.200 3.352 0.200 1 0202 
045 0.300 0610 | 2.685 0.300 1.0252 22 0.300 ¢ 1.421 0.300 1.0100 
107 0.400 0377 | 2.757 0.400 1.0134 | : 0.400 3.492 0.400 1.0005 
182 0.500 0223 ?. 842 0.500 1.0068 : 0.500 


1.500 0.409 1 0004 


NN WN Ke 


2933 0.600 1.0032 0.600 
1.0018 3 0.619 


267 0.600 0132 
2.356 0.700 0067 | 3.000 0.670 
2.451 0.800 0034 


2.500 0.851 002 


average from a process centered ¢ le vali f outside the nearer Acceptance Control! 


is the risk of that average falling itside the farther Acceptance 
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The Most Economical 


High precision with instant response 


Has widest amplification range — 
100 to 100,000-1 


Accommodates widest tolerance range — 


.000005 to .100 
Amplifications and tooling interchangeable 
Provides quickest change in amplification 


Longer scale facilitates classifying parts and 
provides greater approach range 


Easier to read — no need to squat and squint 
Human error minimized 


Checks one dimension or many simultaneously 


Elements have long service life 


ORE 


INTERNAL 


ELEMENTS 


BASIC 


TOOLING 





ie 
oS 


AIRJET SPINDLE 





For True 


Diameter 


Standard stock spindle with two 
diametrically opposed open jets 
for holes having tolerances of 
005" or less and surface 
finishes of less than 65 rms. 


Bladejet Spindles are used in 
interrupted bores, bores having 
a keyway, to gage to the very 
bottom of a blind bore and for 
larger tolerance bores. 


Balijet Spindles used for holes 
in porous or soft materials and 
for internal surfaces rougher 
than 65 rms. 


‘ 
~ 
i™ 
; 


SF 


YA 
b 


Plunjets mounted in a_ suit- 
able fixture are used for larger 


holes and those having larger 
tolerances. 


Adjustable spindles and kits are 
available to cover ranges of %" 
to %"; %" to 12"; 1 to 7; 1" 
to 3° and 3 to 12’. 





PRECISION AIRES 


For 
Average 
Diameter 


Spindles having three or more 
jets equally spaced around the 
perimeter—especially effective 
in checking thin wall com- 


ponents. 
7837 


BOUGHT 








Way to Gage Holes’ 


BALLJET 
SPINDLE 





PLUNJET 





Sper CARTRIDGES 


— 





—a 


For For 
Out-of-Round Bell-Mouth 





Indicated when any spindle 


is rotated through 90 degrees. indicated as any spindle 


enters or is withdrawn from 


J the bore. 








Taper 








Indicated as any spindle is passed through the bore. Spindles 
having two or more sets of jets may also be used. In larger 
bores and/or those having larger tolerances, Plunjets in a 
suitable fixture are used. 











For Squareness of a Bore 
Axis with a Face 


HX. 


AS YASS 
~ ‘ , 





Spindle with opposed open 
orifices spaced longitudinally 
checks squareness of a bore 
axis with a face. 


¥ 


l 
_| Plunjet fixtures may also be 
—_ used. 


Camber 


= 


ele 2 


Camber or straightness of a hole is checked by rotating 
through 180° a spindle having four jets as indicated. 





For For Parallelism 
Concentricity of Holes 


w////jt/1b 
RL 
By integrating two spindles 


Opposed jets in a locating in a fixture, such as those 
fixture. used for squareness checking. 














*For checking external dimensions, relationships and count- 


less other conditions, write to Div. 22, THE SHEFFIELD 
CORPORATION, Dayton 1, Ohio, U.S.A. 


OO as eee ment for mankind 


of Bendix Aviation Corporation 


Li. & OTHER MAKES 





rr Center Distance 
Between Holes 


By a fixture with two spindles each having two opposed jets. 


GAGES 


Natural Process or Product Limits (NPL 


deviation 


abscissa 


is operatior 


ieveis of a parti 


the APL value 
* +) 
j iy po- 
nent of urement in th rent va ility term o’ When the 
NPI s intende f tl 
without measuring them 


be re ed f x 


Well-known makes of home appliances 
are gaged with Comtorplug 


Precision Internal 
Gage 
SIZES FROM 


1/8” to 10” 


AND LARGER 


COMTOR®LUG. interchangeable expanding plugs gage 
simple or special bores from ‘se to 10° diameter. 








UNIQUE ADVANTAGES | Anvnouy can 


* i of “ grad positive Te 
bench, lab 
unencumbere 

base or electr 
amplifier fits 
readings show 

or back ¢ 

problem bore y 
COMTORPLUG may 


COMTOR 
COMPANY 

SO Farwell St. | 
WALTHAM 54 /| Wy 
MASS. * 


GET THE FACTS — REQUEST BULLETIN 50 


for all-day every 








(which cannot be the case if more than a percent of the 
processes are rejected) except when a real assignable 
ause occurs, then it will be reasonable to add ko in- 
nere! variability to the APL value and call this the 
Natural Process or Product Limit (NPL). k is 3, 1.96, 
te depending on the probability level desired: the two- 
tail probability values of Table I, B. are used for this 
A more conservative approach might be to add this 
nherent variability to either the RPL 
Acceptance Control Limit 
For example, if the assumption is made that the 
process levels run inside the APL, the 99.7 percent 


Natural Process Limits (NPL) for Example I would be 


ay proximately 


10.19 + 3(0.10) 10.49 


981 3(0.10) 95] or 10.00 0.49 cx 


In Example II, the 95 percent NPL for substrips would 
ye approximately 
0.008 => 2(0.004) = 0.016 
Example III, the 99 percent NPL would bs ap- 
proximate ly 
1.1698 2.576 (0.0039) 
1.0802 2.576 (0.0039) 
1.1250 + 0.0548 
ig the RPL instead of the / 4, the 99 percent NPL 
be approximately 
L.1775 2.576 (0.0039) 
1.0725 2.576 (0.0039) 


or 1.1250 0.0625 
Summary 


The acceptance Col trol chart provides a mei 
tab ishing acceptance criteria that can be used to contro 
snuts in process levels. It is useful whenever there ars 
sources of variability in addition to the random, inherent 
variability that must be expected to enter into a produc- 
tion process and that can be tolerated within certain 
bounds. The Acceptable Process Level (APL) and Re- 
jectable Process Level (RPL) values, which are ds 
cribed in Acceptance Control Chart procedures, provide 
specific initormation concerning the degree of process- 
level shifts that will be tolerated before a process is 
rejected as unsatisfactory The Acceptance Control 
Limit (ACL) is the line that serves as the acceptance 
criterion; an average plotting inside the Acceptance 
Control Limit indicates that the process is operating at 
in acceptable level, while an average plotting outside 
the limit indicates that the process is too far trom stand- 
ird to be acceptable and can be expected to yle ld too 
high a percentage of unsatisfactory product. In addi- 
tion to these ac ceptance Trunctions, this techr ique main- 
tains many of the control elements of | 
chart procedures 

Although only four examples have neluded in 
the des¢ ription ol this technique, the fiel ol applica- 

is felt to be very great The te hnique should 

iseful not only for any type of batch or small-lot pre 


duction, but also for many of the “continuous” processes 


replenishment of chemicals is made periodically, 
material from different batches added, mechanical 
adjustments made, etc. In addition, this approach should 
prove quite practical in the analysis of interlaboratory 
| 


owances usually 


r interplant studies in which some a 


must be made for different laboratory o1 plant process- 
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Sampling Inspection by Variables 
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Introduction 


After approximately four years of development 
coordination, the new Department of Defense standa 
MIL-STD-414 T 
Inspection by V 
approved . iii si 
document is ; ympanion t well-Know! tandara “aa adeal dit lil iain in anal’ ti 
attributes ampl " pian Ab si! qu MIL-STD 105 SaaS ; MIL-STD 
“pampling rocedures and ab for inspection b \ at ” , . os aenaiialed 
Attribu wtifP Ms , 

History 


part of 1953, the 


f Defense (Supply al 


t 


1 interdepartmental task grou 


the Army, Navy. Air Force National 


ards and General Services Admit 
standard on sampling inspection iment in accord 
S¢ veral o! n military agencies the D¢« 1D Standa d 


sampling 


equ 


ee ee ee ee ee ee ee eee ey 


Reads to 20 millionths... PAST! 


Since the inception of the inte . | CARSON-DICE 
pecaggtn: yrs Sager tye Sg pplied AUTOMATIC ELECTRONIC 


ices al 


Mathe anal cS and S altls Ss abdori 
a MICROMETER 
been mi: le ava lable to this group 
The univ rsity group not only per- Unexcelled for high-speed, direct precision 
formed original researcn in the so measurement of anything fragile or compres 
ution to the two-sided specificatiot sible conducting or non-conducting. Wide 
limit problem, Dut also prepared tl! . ‘ ly used on 

SEMICONDUCTORS DEPOSITED FILMS 

GRIDS CLOSE TOLERANCE PARTS 


COATED CATHODES DIAPHRAGMS 
Negligible measuring pressure. Send for BUL 
LETIN 4005 
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or the proposed standard 

to submit the document 

of the ASQC for review and com- 
» comments submitted by this Com- 
rther improvements in the standard 


Summary of Contents of Standard 


' ; ’ 
ariabDies standard con- 


Introduction of Standard—The new 
preceded DY in impo! nt 


on. The Introduction states initia 


eparate sections , 
lly 
npling plans for inspection by var 
ply and 
ations. This concey 
pl the thought th 


techniques are 


rit 


spection OF a 
nes ired on 


ve meas- 


this ; ra ntair 


Mode 60008 | - Mowe 60008 4 e. Mote! 6500C 


on large watch- fac 


TORQUE WATCH 


Features 
Easy-reading dial 300° linear scale 
Compact 1%” 3-7/16” long 
Accurate = 5 std 1% special order 
Light weight only seven ounces 
Unbreakable crystal and face. 
Chucks 4” or 2” capacity 


Six Models: 

01 to 1.2 oz. in. CW 
6000B-2 1.0 to 20 oz. in. CW 
6000B-3 01 to 1.2 oz. in. CCW 
6000B-4 1.0 to 20 oz. in. CCW 
6500C-1 .05 to 1.2 oz. in. Two-way 
6500C-2 1.0 to 20 oz. in. Two-way 

Additional ranges available on special order. 
Write today for data sheet describing all 
Torque-Watch gauges. 


6000B-1 


APPLICATION ENGINEERING OFFICES 
1H PRINCIPAL CITIES 


MANUFACTURING, inc 


variables sampling plans, basic definitions of terms 
needed for use of the plans, tables common to all sections 
and the operating characteristic curves for the sampling 
plans. This section contains definitions and descriptive 
material that was also included in MIL-STD-105, such 
as definitions of “inspection,” “unit of procuct,” “critical 
defects,” “major defex ts,” “minor defects,” etc 


Descrip- 
tive material includes a brief discussion of expression of 
non-conformance of product and the 

cent defective expre ssed as an equatior 


included on AQLs, submittal of product 
lot acceptability criteria imath 


: . 
ition of per- 


rage for determination of tightened. nor 
iced inspection and a special procedure for 
mixed variables-attributes sampling plans 


MIL-STD-105 is 


nversion table similar to one giver 


provided for specified AQL values not corresponding 
with the AQL value cataloged i standard 


! 
» other table included in this general t1ol provide Ss 


precisely 


lot size-sample size relationship for five different 
nspection levels. The concluding portion of 
contains the operating characteristic cw 
various sampling plans tabulated in th 


= ; ’ 
sections ol * Standard 


Section B, Variability Unknown-Standard Deviation Method 
This section provides the ste p-by-ste p pro ijures to b 


followed in determining acceptability of 


1 


particular quality characteristic subjecté 
The procedures described apply to quality 
aving a single specification limit o1 


limits where the variability 


rticulal quality cnaracteristi« 
section, the standard deviation m 
f variability is used. Not only is; 
procedure included for the use 
Dut specil examples are giver 
imple arithmetic computations 
yt acceptability f the chara 
| 


ibies for normal, tightened and reduced inspect 
lod } } ] > ) 
ncluded naexed Dy sample sizes (5 to ZU0U0 fT 


and tightened) and by AQLs (0.04 to 15.00 per 
normal and tightened). Tal 
tor estimating lot percent 
lity index which S computed Ir tin sample mear 
stimate of lot standard deviation and the prescribed 
yf upper o1 lowe! speciNicatior limit Quantitative 
ia for determining when tightened or reduced it 
spection is appropriate are also 
of this section 
svmbols mentioned therein and thei: 


reference by the user of the standarx 


Section C, Variability Unknown-Range Method—This 
is similar to Section B, except that the 


lot as estimated from the sample measurements is com- 


variability 


puted by the range method instead of the standard 
deviation. Of course, as is well known, the range method 
of computing variability is simpler than the standard 
deviation method. However, this ease of calculation is 
gained at the expense ol decreased efficiency of the 
range as against the standard deviation for estimating 
lot variability. In order to match the operating charac 
teristic curves, which were com; d for the sampling 
plans based on the unknown standard deviation method 
sample S1zes of 20 or ereater were iI ired to he in- 
creased approximately 17 percent for the range plans 
This larger sample size is necessary to compensate for 
the decreased efficiency of the range in contrast 
standard deviation that was mentioned previous 


small sample sizes did not require an 
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of efficiency in the se ol range was found to be 
insignificant 


Section D, Variability Known—This section prescribes the 
procedures to be used in determining acceptability with 
respect to a quality characteristic for a single specifica- 
tion limit and for double limits when the variability is 
assumed to be known. Step-by-step procedures are 
given essentially similar to those provided in Section B 
Of course, computation is reduced since the lot standard 
deviation is known and it is not necessary to calculate 
the estimated standard deviation from the sample meas- 
urements. When the lot-to-lot variability of the standard 
deviation for a particular characteristic exhibits “statis- 
tical control” at a satisfactory mean level, a considerable 
savings it m size might be achieved over unknown 


standard deviation plans Needless to say the use of 
these plans without substantial evidence of the stability 


of the vari the measured characteristic is ex- 


i can lead to the acceptance ol 
] 


iificant percer se of sub-standard lots 


n¢ 


Applications of Sampling Inspection By Variables 


In the dev ment of the les sampling plans by 
the interdepartmental com: was never assumed 
that these plans woul eplace attributes plans ol 
MIL-STD-10: was alized lé variables plans 
should only be plied with tl most care ir 
zed testi 


acnieved 


benefits could 


Va iables al 
ve been discussed i 
il quality control. The 
)f the variables plans, namely 

ngs in sample size, over the attr 
butes pla portant to Department of Defens« 
activities As i well knowr a considerable portion ol! 


testing progran in the multi departme nts involves 


destructive testin This is partic ularly true in the te 


it weapons as guided missiles 
the many othe items where testing results ll 
the destruction of the unit. Thus, the number of sample 
] 


units subjected i I ular test is of considerable 


importance testing costs. Since the sam- 
ple size ir h destr ve testing must by necessity be 


small, it is o ran ) nportance that maximum ir 


formation extracted from the test measurement data 
for drawing valid inferences about the “population.” 

A review of product specifications in the military and 
federal system, and in industry, indicates a large poten- 
tial for application of variables sampling plans. In the 
metals specifications, the mechanical tests to determine 
conformance to requirements for tensile strength, yield 
point, impact, fatigue, etc., might be likely candidates 
for prescribing variables sampling plans. In the area of 
electronic component and equipment specifications, the 
tests that are costly due to length of time for completing 
the tests, environmental tests at extreme atmospheri 
conditions, and tests to destruction, etc., might be investi- 
gated. Performance tests after equipments are subjected 
to vibration and shock, simulated high altitude and ex 
treme temperature, salt spray, might be appropriate for 


the utilization of these variables plans. In the fields of 
bulk products, such as paints, fuels and lubrication ma 
terials, chemicals, etc, the various laboratory test re 
quirements may be eligible for the variables plans 
The examples given are merely a small sample of the 
specification items that might profitably be 
application of the new standard 

As the Introduction to the standard points out, vari- 
ables sampling plans must not be used indiscriminately 
simply because it is possible to obtain variables data as a 
result of examination or test. It is of fundamental in 
portance to obtain a knowledge of the distribution of the 
measurements for the particular test requirement befors 
prescribing a variables plan. A statistical analysis of 
past variables data to determine the validity of the nor 
mality assumption is a must. The tests for normality 
such as the Chi-Sq iare goodness of fit, the Pearson 
Geary, R. A. Fisher, etc., are described in the larg: 
number of available textbooks on statistical method 
The use of graphical techniques such as plotting the 
observed frequency distribution data on normal prob 
ability graph paper is desirable in ascertaining rapidl; 
the departure from normality 

If the tests for normality reveal that the measurement 
data are not approximated by a normal distribution, it 
may be possible to transform the variables data into a 
form that is normally distributed. The logarithmic 
square root, inverse sine transformations or others may 


be used in obtaining normality. The use of 3 ore 
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sophisticated techniques should only be attempted unde: 
the direction of a competent statistician 
Conclusion 
The new standard was prepared to meet a growing 
need for the use of uniform sampling plans for inspection 
by variables in Department of Defense operations. The 
variables sampling plans may be applied in determining 


conformance of a single quality characteristic when it 


can be measured on a continuous scale and this meas- 
urement data is normally distributed. It is anticipated 
that the sampling procedures incorporated in this stand- 
ard will have particular applicability for inspection and 
testing that is costly or destructive. Military Standard 
414 will be available for purchase from the Superin- 
tendent of Documents, U.S. Government Printing Office, 
late in 1957 





Practical Aids 


ELLIS R. OTT, Editor 


Rutgers University, 77 Hamilton Street, New Brunswick, N. J 


A Nomograph of Student's t 


LLOYD S. NELSON 


Ceneral Electric Co 


The distribution of Student's t 
ommonly found tabulated for vari- 
| 


ous de grees < freedom and selected 


probability levels. Its u tests of 
significance and the const! 
confidence intervals is well 
Occasionally it is desirable 

values intermediate to those usually 
listed. Three different situations car 
occur which require intermediate 
values of either the probability, 


value for t, or the degrees 


dom. The accompanying non 


was devised to supply these 
mediate values 

The first, and most common, situa- 
tion is that in which it is desired to 
report the significance of an effect 
which was significant at some proba- 
bility level intermediate to those in a 
conventional table. Rather than stats 
that significance lay between the 5 
percent and 10 percent points, it 
would be shorter and more meaning- 
ful to state that the effect was sig- 
nificant at, say the 6 percent level 
The reader can then better draw his 
own conclusion 


The second situation arises when 
one wishes to place confidence limits 
on each mean in a group of means 
and one wants to preserve an erro! 
rate of, say, 5 percent with respect to 
the group rather than with respect 
to the individuals. The error rate a 
to be associated with Student’s t in 
order to end up with a group-of-k 
error rate a’ is given by [Reference 
(1), page 190] 


a 


Thus if one has eight means each based on five measure- 
ments (giving 32 degrees of freedom for the standard 
deviation estimate s), and confidence limits are to be 
applied to each mean such that the chance is 1 in 20 of 
having one or more of the true values of the eight 
means fall outside these limits, « 0.05, k 8, and 


a 0.05/8 0.006. The value for ty og 40 is read from 


26 


Nela Park, Cleveland, Ohio 


OEGREES 
oF 
FREEDOM 


PROBABILITY 





Figure 1—Student's Distribution (Two-Tailed 


the nomograph as 2.94. The appropriate limits for each 
(2.94) s/\/5 


mean are X 


The third situation arises when the assumption of 
equal variances required by Student's t test cannot be 
made. The test proposed by Welch and Aspin [Reference 
(1), page 177] can be applied. In this test t is calculated 


as 


(1) 
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and has approximately the t distribution with vy degrees 


of freedom, where y is given by 


s- 
x, 


bak 
n l | = 4 52 
l 


As an example of this calculation 


methods of a1 alysis for moisture are to be compared and 
there is no reason to assume that the 


methods 


ere ¢€ qual 


Substitution in 


effective number of degrees of freedom are given by 
Connecting these two points on 


equation (2) as 4.5] 


the nomograph gives 0.04 as the point where the line 
Consequently, it can be (1) Bennett, C. A., and Franklin, N. L., Statistical Anal- 


crosses the probability scale 


suppose that two 


equation (1) gives 


Percent Moisture 


Method 1 Method 


2.065 


0.9982 S 


variances of the 


The nomograph (see Fig. 1) corresponds to the two- 
tailed distribution of Student’s t. For uses requiring one 
t 2.85. The tail, the probabilities on the middle scale should be di- 


vided by two 


Reference 


stated that the difference between methods 1 and 2 is ysis in Chemistry and the Chemical Industry, John 


just significant at the 4 percent level 


Wiley and Sons, 1954 
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From the 
Ncrap box 


MASON E. WESCOTT, Editor 


University College, Rutgers University, New Brunswick, N. J 


YOURE A KNUCKLEHEAD .. . 


« « « is hurled from engineering to manufacturing and back again 
less often when quality control data gives engineering the ‘natural 
tolerances’ of production processes. 


Based on secretary s report by L. S. Eichelberger, AC 


( puality control can bring to real- 

«ity the much-heralded, hard-to- 
get “cooperation” between manufac- 
turing and engineering departments 
With meesurements for quality set 
up, manutacturing can state in posi- 
tive language what it can do consist- 
ently. And that statement can be 
made in terms usable to engineering 
in making its decisions 

The prime responsibility for prod- 
uct quality must always lie with the 
manufacturing people, of course 
They make the product. They are 
expected to make it right. But to 
make it right, they have to know 

a. What is right 

b. How to measure right from 

wrong 
c. How to correct a “wrong” 
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Many times it 
is not. The equipment and the blue- 


When manufacturing gets a blue- the miss is his fault 
print, it gives it to an operator, al- 
ready furnished with tools and print don’t always work togethe1 
Then the engineering department 
is notified that the shop can’t make 


and it rarely gets any 


equipment, and expects him to make 
the part If he 


arises 


does, no problem 
the part 
But all too frequently the opera- new information along with the bad 


tor misses his objective. Sometimes news. So, engineering concludes that 





Editorial Note 


The contribution published here is reprinted by permission from the June 
1957 issue of the SAE (Society of Automotive Engineers) Journal. It repre- 
sents an abstract, prepared by the SAE editorial staff, from the full report 
of the quality control panel that was part of the program of the SAE 
National Tractor Forum held in Milwaukee September 10-11, 1956. Les 
Eichelberger was the secretary for this panel, and his full report, togethe 
with seven other panel reports from these forum meetings, are available as 
SP-316 from SAE Special Publications Department, 485 Lexington Avenue, 
New York 17, N. Y. at $1.50 to members of SAE and $3.00 to non-members 














the part could have been made if 
ynly those fellows down in the shop 
veren't such knuckleheads 

That’s where quality control can 
furnish the 
needed to 


missing 
break the 
measure of the 


ingredient 
impasse—a 
capability of the 
shop—a measure that the engineer 
an rely on. The 
averse to opening tolerances, if he 


engineer isnt 


can be sure in advance that the shop 
(What 


he objects to is opening his tole: 


can hold the new tolerance 


arce one week, and getting a re- 


quest for a second inch a week 
later.) 

Statistical techniques now provide 
a means of measuring the shop’s 
capabilities. It can be done by the 


following steps 


1. Using a quality control chart to 
help eliminate erratic fluctua- 
tions in the manufacturing 


proc esses 


The resulting stable and pre- 
dictable variation provides thx 
measure of the capat ility of a 


process to do a job It defines 


the “natural 


tolerances ot a 


and these can be 


process 


compared to toler- 


blueprint 


ances 


If the natural tolerance is wider 
than the blueprint tolerance 
(and it often is) one of three 
things must be done 


a. The engineer must open his 
drawing tolerance to make 


the two tolerances com- 


patible 
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b. Production must be sorted to 
remove the out-of-tolerance 

pieces 

or 

The process must be rede- 
signed to decrease the nat- 
ural tolerance to fit the blue- 
print tolerance 
It is least 
have the engineer chang 


usually expensive to 
his draw- 
ng tolerance. So, he has to weigh all 


of his engineering judgment and 
know-how against the fact that the 
shop said it cannot do what he has 


asked 


tion to 


But he is in a good posi- 


make his very important 


decision now, because the shop has 
also told him in positive languags 
what it CAN do not just what 
it can’t 

When the engineer gets this qual- 
ity control information in the early 
stages of his design, he is even bette 
off. Then he can make 
designs with a better knowledge of 


his original 


process capabilities and natural tol- 
erances 

In any case, the final decision rests 
in the economics of the particula 
situation 


PEI LPLELELELELELE LOLOL OL OL ELE LE LOLOL L ELLE ELLE LELLLLOLELLLELEL LLL: 


What's New? 


Wher maquiring about ‘What es New? 


Stocker & Yale, Inc., Marblehead 
Mass. have developed a Toolmaker’s 
Projector. The new instrument, fea- 
rsatiity 


turing v« and extended ca- 


pacity, is portable and ruggedly built 


for accuracy and stability unde 


shop conditions. Suggested uses for 


the new Projector in- 


circular forn 
drill, tap, 

machine 
etting and other micro 


clude: inspection of 
tools, 


inspections, screw 


and single point 
reamer 
parts, gep 
adjustments, silicon and germanium 
wafer inspections, gear tooth forms 
thread forms, stamped, formed, ma- 


chine parts, etc. Small objects may 


ROY A. WYLIE, Editor 


items, please mention INDUSTRIAL QUALITY CONTROL 


be examined by sub-stage and sur- 
clearly 
details 
instruments 


face illumination, showing 
both contour and 


Unlike 


which use either a monocular eye- 


surtace 


other opti al 


piece oI ground glass, the Toolmak- 
er’s Projector utilizes an 


white 6 6 inch 


opaque 
photome tric 
Square screen situated at the rear 
Magnified, 
parallax-free images pr jected onto 
shielded 


from extraneous light and reflections 


¥f the instrument hood 
the screen are completely 


and are therefore exceptionally 


crisp. Interchangeability of screens 


is possible and economical—in fact, 
a complete library of screens, each a 
chart for a specific product or part 
is entirely feasible and justifiable 
cost-wise. An interesting innovation 
illuminated 
tolerance Where 
dark subject areas were difficult to 
compare against the black lines of 


is the use of scree! 


lines previously 


chart or reticle, the new illuminated 
line screens used with the toolmak- 
exceptional 


er’s projector provide 


contrast by means of sharply de- 
fined lines of light, rendering accu- 
rate measurements easier to read 
In addition to special screens which 


may be drawn or scribed by the 
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user, standard charts of grids, radii, 
protractor, thread forms, etc. are 
available through the manufacturer ‘Ta dhs 
A complete range of standard mag- 
nifications is available: 10X, 20X, 
31.25X, 50X, 62.5X and 100X. Spe- 
cial magnifications and working dis- 


tances can also be provided. All lens ae A D I U 4 G A G . a 


systems are quickly interchangeable 

within and between similar instru- N w A il bl t 
ments, as are stages and accessories °o vai a e or 
The measuring capacity is up to 6 


inches in one setting. Two series of 1-1/16° to - RADII 


micrometer! measuring stages are 

provided: a 1 2 inch coordinate 

stage and a 1 6 inch coordinate 

stage, the latter with helix adjust- 

ment (for horizontal projections) 

and 5 inches of gage blocks supplied 

A choice of micrometers—0.0005 and 

0.0001 inch increments—apply to 

either stage. V-blocks, centers, dove- 

tail adapter plates, among the com- 

plement of eer ~ae provide ade- C : a This style radius gage, preferred by 
quate means for fixturing a great Adaptability seal Made toolmakers diemakers, patternmakers 


ments to tolerances of 0.0001 inches Lufkin the First Choice inspectors, layout men and others, is 
x~ *«* * in Radius Gages now available in a complete range of 





variety of parts for precise measure- 


sizes up to 2” 


With a design pioneered and devel 
oped by Lufkin, each gage is a separate 
unit with five different gaging applica 
1. Determines radius of tions for use on both concave and con 
inside corner and if sides 
cre 90° vex radii The gaging surfaces have 
smooth, accurately machined edges, and 
the sides of the blade have a polished, 


natural metal finish 


d | 
2. Determines radius of Available in sets as listed below or 
outside corner and if sides 
ore 90° 


by individual gage. Sets are packaged 
n durable folding cases of heavy red 


vinyl, fitted with pockets for each edge 


No. 77A 16 gages '/32 to ‘Zea by 64ths 
No. 77AX 17 gages ‘'/s4 to ka by 64ths 


3. Determines convex radius and No. 20 Holder 


Erdco Engineering Corp., Addison, near projection that prevents No. 77B gages ‘A? to '/2 by 32nds 
Ill. has announced a Photomacro- use of gage os in views 2 , . 

— . , and 3 No. 77C 4 gages (Sets 77A and 77B 
graphic Camera for use in examin- 
ing any flat surface for Quality Con- 
trol purposes. The unit was designed 


Combined) 
No. 77CX 15 gages (Sets 77AX and77B 


. eal > } 
to answer the need for a device to Combined 


examine the surface of paper but it ~ No. 77D 16 gages '/32 to '/2 by 32nds 
was found that the instrument would y No. 77E gages Vis to 1 by 1éths 
4. Checks any ncav No. 77 


radius that is le 7I7FG ] mc 1Ifig to 2 lAthe 
textile and in any quality control cleaie No. 77G 6 gages | fis to 2 by , 


sie Bi eilcn so 
have application in the fields of gages 1” to 2 by 8ths 


graphic arts, inks, paint and varnish, 


situation where a flat surface ex- (« 
amination is called for. The F 19 BETTER MEASURE With {UF A/N 
Raptar lens is coated and fully color TAPES + RULES + PRECISION TOOLS 


corrected. The 4 5 inch image 
4 


5. Checks % of a circum THE LUFKIN RULE CO., Saginaw, Michigan 
ference 


produces a 23 diameter enlargement 
of a 3/16 14 inch field. An 8 X 10 
inch blowup produces 70 diameters 


The unit is completely portable and IT PAYS TO USE YOUR INDUSTRIAL DISTRIBUTOR 
may be used any place where there ee ee eee ee ae 2 ee | 
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‘ tive portion can be photographed 
Special Box-Wilson Conference Accessories available with the pho- 
tomacrographic camera include a 
stereo mask, timer, additional light 
source, complete with bracket, cord 
and switch, and a Polaroid camera 
back with a special adapter 
ese @ @ 


The Rutgers Program in Applied and Mathematical Statistics will 
sponsor a Special Box Wilson 3-Day Conference designed especially 
for the chemical and plastic fields. This conference is scheduled fo1 
Thursday, Friday, and Saturday, November 21-23 in New Brunswick 
N. J. The instructor will be Dr. J. Stuart Hunter, Forrestal Research 
Institute, Princeton University. Registration for this conference is 
limited and preference will be given to students who have already The first of the new “Eli Whitney” 
been accepted in the Graduate School at Rutgers. This is a non-credit line of gage checking laboratory in- 
fee will be $150.00 per registrant which will in- struments—an electronic gage block 


course. The course 
clude a copy of the notes prepared by Dr. Hunter and used in the checker that eliminates time-con- 
previot milar seminars which he has conducted for the Chemical suming operations in obtaining ul- 
Division of the American Society for Quality Control. For further traprecise dimensional measurement 
information, address Dr. Ellis R. Ott, University College, Rutgers Uni- is announced by the Sheffield 
versity, New Brunswick, N. J Corp., Dayton 1, Ohio. The new 
“Eli Whitney” line, designed for use 














s a flat url 


and 1290 velt clesivie can No AIRCRAFT DIVISION NEWS 


spec ial sample ol the work ’ . . . 1 
W. L. Colello, supervisor of quality control, Aeroproducts, Division 


quired to he piece. In of GMC, Dayton, Ohio, has accepted the office of Membership Chair- 
' man for the Division 

Mr. Colello’s acceptance ol this position Is In line with the proposal 
of the Division to move ahead and increase its membership (proposed 
increase in membership is 25 percent for the next year) 

The Editorial Chairman of the Division Newsletter is currently 


ing n : . -_ = 
ies . . —— preparing to place the addresses of all members on addressograph 
ne M ‘ il 2 Inc! Ci . 


cut and no special mounting is 


using the in } 1e operator 
focuses the hood- 
dirkened grou 


g) aph is des 


fi] blacl ; plates and would like to make sure that all members confirm their 
um MACK al \ 11te I iO! 1 . " 

14] addresses and send in any changes of which they may know 
inserted and the 








taken It is possible 





mediately from cut 4 . , , , 
» cam if desired and the selec- in gage metrology and standards 


i 


ising a special adapte on o d may be accomplished laboratories in various manufactur- 


a 


Die to use the camera for routi zontal and vertical vernier field research in its Eli Whitney Metrol- 


Erdco Corporation. It is also po kly and exactly by use of both ing industries, is based on Sheffield 


inspections, witho electors. The lens mounting allows ogy Laboratory at Dayton. The ac- 


by merely viewing the ground glass scanning of an area of approximate- curacy of the new Sheffield checke1 
Stereo | a) taken with ly 1 1 inch so that a representa- is obtained by two opposing elec- 


tronic gaging cartridges which, in 





effect, act as a caliper on two sides 
~ a of the block and give point-to-point 
Product Education Service measurement from each surface. The 

Sheffield unit completely eliminates 
the clamping and unclamping and 
re-positioning formerly required in 
gage block checking equipment. The 
gaging head can be quickly set to 
the master within several millionths 


These advertisers provide educational information on their products, expand- 
ing the services of your journal, Industrial Quality Control 
Their support is twofold. First they place the latest information on product 


development at your finger tips. In addition their purchase of advertising space . : 
supports your Society and this publication. Continue to advance your Society of an inch by movement ol — 
by using their products and services and encourage others to do so. They all actuating a precision ratchet. Final 
merit your consideration. setting can be made to a small frac- 
tion of a millionth on a reset device 


in the base. These features cut the 
time needed for accurate block 
checking to a fraction of that re- 


When writing or talking to advertisers to inquire about their products, always 


remember to say you saw their ad in Industrial Quality Control. 


Advertisers in this issue Advertisers in previous issues of quired by the older, head clamping 


\ . . on 
olume XIV type of block checker. The new elec- 

( ) . 
. tronic amplifying system, using 
mb Optical Co two matched “Ele« troje t” cartridges, 
Laboratories, In provides magnifications up to 100,000 


Dearborn G Irtiss 2 to 1 on which one-millionth of an 


icke Caleu ing . tn ods Oo 
Friden inch is indicated by graduations 
(,aertner entif ' lee ‘ orag ‘ 4 *S : 

0.100 inches apart. Further informa- 


1 


Lightning ‘ ' ‘ 
| Prod tion is available from the manufac- 


Lufkin Rule : 
i Aircraft Co turer 


Shefheld Cory 0-2 stem ( * 
‘ orton Co x * 

Veeder-Root, Inc , teel City Testing Machines, In i P : cae 

Visi-Tro! Engineering C a inten Metteetliien The Micrometrical Mfg. Co., 345 

Waters Mfg. Co thn Wiley & Sons. In South Main Street, Ann Arbor, Mich 
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has announced a new type PE Rotary 
Table Pilotor to expand the versatil- 
ity of the Profilometer Line to in- 
clude the measurement of surface 
roughness of concentric diameters on 
flat surfaces. This new unit has been 
designed to accommodate a wide 
range of parts and meets a need 
which only this pilotor can fill. Typi- 
cal applications include the meas- 
urement of refrigerator seals and 
valve seats. Pilotors for most appli- 
cations are available on request 
Additional information is available 

from the manufacturer 

* * * 

A new electronic system of precision 

measurement has been announced 

by Federal Products Corp., 1144 

Eddy Street, Providence, R. I. Basic 

unit of the new system is a small 

size, hermetically sealed gage head 

known as the Electro-Probe, whose 

method of electromagnetic operation 

provides unusual operating capabili- mechanical sensitivity of the Elec- quired and can be operated with 
ties. Amplitude of the continuously tro-Probe is capable of providing any one of several types of ampli- 
produced electronic signal maintains magnifications and accuracies which fiers according to application needs 


such linear relationship to contact well exceed the needs of present Gage heads are interchangeable and 


movement that available electrical day precision gaging requirements nay be employed joint! 


instruments have not had sufficient The Electro-Probe head, measuring succession by switching. The first 


sensitivity to measure the erro! approximately 142 2'6 14 inches standard application of the Electro- 


y or in rapid 


Linear output is available over an can be used with various types of Probe system is an electronic test 
exceptionally wide range of contact contacts and contact mountings - indicator Designated Model 230P-2 
travel (0.060 inches) Electrical and pending on the overall accuracy - it includes the Electro-Probe gag 








CHEMICAL DIVISION NEWS 00 YOU HAVE 
STATISTICAL METHODS IN PROCESS DEVELOPMENT 
The Division Council has approved and will sponsor a 10-day courss A QUALITY CONTROL 

in advanced experimental design in January. Dr. G.E.P. Box, Dr. J. S 9 
Hunter of Princeton University, and Mr. Cuthbert Daniel, Consultant, PRESENTATION PROBLEM: 
will instruct. Exact date and location are to be set. Course fee has 

been set at $375 including meals and lodging (or about $265 without) QUALITY CONTROL AIDS 
pending university approval ARE THE ANSWER 
Preference will be given to Division m mbers applying before Nov Make your presentation 
15. Application forms should be requested from: R. S. Bingham, J more forceful and under- 


(S.M.P.D.) c/o The Carborundum Co., P.O. Box 337, Niagara Falls 
ae eee . _— standable by the use of 


N. Y 
Content of Course these aids. 


The course will include: (1) discussion of operability experiments QUINCUNX 

, : a . z , P This device permits your audience to 

an > two level fractional fac al desig ful f 

ind of the two level rac tior il factorial designs found most useful fc visualize the creation of a normal dis- 

screening variables; (2) Simple factorial designs in plant experimenta- tribution pattern as well as the results 

tion; (3) A review of least squares and of the experimental designs of variables sampling. All beads are 
; ‘ r ) self-contained; nothing to drop out. 

used for fitting empirical response functions with particular emphasis | Done in attractive mahagony complete 





on the concepts of steepest ascent, surface fitting, and canonical analy- | with zipper carrying case 

sis; (4) Methods for assisting in the formulation of theoretical mech ATTRIBUTE SAMPLING DEMONSTRATOR 
anisms, of non-linear estimation, and experimental designs for est Complete unit consists of transparent 
plastic container, opaque colored 
beads, and wood paddles permitting 
easy identification of beads at a dis- 
Desirable Background and Experience tance 


This course is intended for research and technical workers wit} SIMULTATORS 
experience in the statistical design of experiments in the chemical .. To demonstrate control chart plotting 
and shift of distribution pattern 


mating constants in complex mathematical models 


industries. Students of the course should be able to intelligently uss 


the t and F tests, simple linear regression, and elementary factorial Lightning Calculator Co 
' 


designs. Those who have worked through the text. The Desiqn and 
Analysis of Industrial Experiments, edited by O. L. Davies, Hafn« Box 6192 
1954, or its equivalent, will find the course readily understandabl« St. Petersburg Beach 6, Fla. 
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head and a light weight, completely 
portable battery powered transistor 
ampuiihe pius accessories It s 
quickly applied to precision meas- 
urement on surface plate or machine 
and is particularly suited to general 
n and patrol inspection ap- 
Transistor operation per- 

init to be completely inde- 

ol external powel Ex- 

light but positive gaging 

(less than 5 grams) per- 

the gage head on any 
conventional test stand, com- 
parator base or holding fixture with- 
out danger of inaccuracy due to de- 
flection of posts or arms Two ranges 
are instantly available by switching 
(0.004 inch range at 0.0001 inch 
grad. or 0.002 inch range at 0.00005 
inch grad.). Full scale zero adjust- 
ment permits flexibility in position- 
ing the head and avoids close time 


consuming mechanical adjustments 


* * * 


NEW LITERATURE 


: has been 
4711 

The 

ot pieces ol! 
al d includ ng 
laboratory for 


rete asphalt 


nounced a new 32-page catalog 
which covers its complete line of 
Dimensionair Gages and Accessories 


Federal Products Corp. has an- Much new information on various 


new catalog 








ELECTRONICS DIVISION NEWS 

John Yueh, Councillor for District 16, represented the Division on 
the Planning Committee for the 4th Annual Western QC Conference, 
held in San Francisco September 9th and 10th, 1957. The Electronics 
Industries sessions included: “Organizing for reliability,’ Ralph 
Kuehn, IBM Corp.; “A unified model of catastrophic failure,” M. L 
Lipow, Aerojet-General; “Simplified reliability testing based on the 
Poisson distribution,” Clifford M. Ryerson, RCA; “Application of 
statistical design to quality testing of rockets and missiles,” J. C 
Hartvigsen, Aerojet-General; “Setting linear forecasting model,” 
Glenn E. Ghornley, Cannon Electric; and “Control practice in semi- 
conductor manufacture,” Paul E. Bruce, Hughes Aircraft Co 


Midwest QC Conference 

The Division will participate in the program of the Midwest Quality 
Control Conference, October 24, 25 in Chicago, Illinois. Ralph Haertel 
Division Councillor for District 11, represented the Division on the 
Program Committee and secured speakers for two sessions as follows 
“Quality Control and Human Relations in Electronics,” Irvin H. Pol- 
lack, Quality Control Manager, Ohmite Mfg. Co., Skokie, IIl.; and 
“Reliability Results From Large Scale Testing,” David Bair, Manager 
and Paul Gottfried, Project Director, Inland Testing Laboratories 
Morton Grove, IIl 

The Division was responsible for the September 16 program of the 
Milwaukee Section. Representing the Division on the Section Pro- 
gram Committee was Chairman, Irvin W. Schoeninger who arranged 
for the speaker of the evening, Mr. David R. Bair, Manager, Inland 
Testing Laboratories, Morton Grove, Ill. whose subject was, “Vendor 
Surveillance as an Aid to Product Reliability.’ 





clinics, conferences, and courses 


24-25—12th Midwest QC Conference 
Chicago, Ill., sponsored by Midwest sections 
of ASQC, contact A. Jackson, Birtman Elec 
tric Co., 1800 N. Spaulding Ave., Chicago, Ill 


28-31 


NOVEMBER 
6-8 


DECEMBER 
2-5 


JANUARY 


6-8—4th National Symposium on Reliabil 
ity and QC in Electronics, Hotel Statler 
Washington, D. C., sponsored by A/EE, IRE 
ASQC, contact Richard M. Jacobs, Publicity 


Chairman, RCA, Box 33, Camden, N. J 


13-17 
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models of Dimensionair Gages and 
air plugs has been included in this 
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briefs 
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ince, tests for significance and experimenta 
EVANSVILLE-OWENSBORO Dr. Howard 
be the s] the Nov. 12 dinner meeting 
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DIAL INDICATORS 
EXTENSOMETERS 
STRAIN GAGES 

THE DIAL INDICATOR CALIBRA 
TOR, a quick, 
pendable method of checking the 
AGD indicators 
large 


Chock 
Mr 


easy to use and de 


accuracy of all 
This instrument provides 
users of dial indicators and dial 
departments 


indicator service 


with a rapid, reliable means of 


periodic checking and enables 


them to check new indicators for 


stated accuracy, and repaired in 


M 1 CS-7 
odel CS-75 dicators for original factory a 
curacy. Range is 0 to and the direct reading is to 


0.000025 Pat. applied for 


THE TEMPLIN CALIBRATOR was invented by Ri 
Templin of the Aluminum Company of America. This unit 


chard | 
was designed to meet the need for a precision checking 
instrument for exten 
someter strain gages 
and test indicators 
The differential screw 
provides a lead of 
005” per complete 
revolution of the dial 
and the magnification 
factor gives a 5 to | 
reduction in motion 
The dial reads direct 
to .000002 Pat 
#2,627,661 

Folders and prices upon request 
CUSTOM SCIENTIFIC INSTRUMENTS, INC. 

541 Devon Street, Kearny, N. J 


Model CS-28 














’ Cet more 
MINNESOTA One f the ! ts of t coming yea! ROCHESTER A f 
will be the nt meeting with the vin Cities lapter the organizes At least ¢ 
ASA on Oct. 24 ) t sher, author of seve! I ks meetings are planned for t 
! j ng - a tical - af — > age ab “ oe : SACRAMENTO 
aw the 100th seet " 


MONTREAL 
SAN ANTONIO 


SCRANTON-WILKES- BARRE 
nducted by the executive « 
rhe : 
Po) Box 7 M 
NEW HAVEN 
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\) 
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NORTHEASTERN INDIANA 157-58 sea 1 
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f Margaret Tol 





\ Mark Your Calendar Now! 


The Important Dates To Remember — May 26, 27, 28 
The Place To Be — Hotel Statler, Boston, Massachusetts 


You Won’t Want To Miss The 


12th Annual Convention and Exposition 
of the 


American Society for Quality Control 
Special Note to Suppliers in the Billion Dollar Quality Control Market 
Write Now for Exposition Booth Information To 


CHARLES KENDEL 
LAMSON & SESSIONS COMPANY 


1971 W. 85th Street @ Cleveland 2, Ohio 
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TORONTO 


irougn st 


WINNEBAGO 


“ Ss he 


WORCESTER ... | t. 19 the se tl 
sre peta ter oy Asan ae Paci seer ebay creme bed ~ sh pag with Veeder-Root 


VARY-TALLY 


Rejects inventories sales by items sizes 
colors work-assignments prices whenever you 
need to keep accurate count of details that would other 
> ! f | t t wise be tallied by hand get Veeder-Root’s VARY 
F T FE RENCE PALLY the multiple-unit reset counter that counts 

- SIGNIFICAN DIF E s everything countabl 

_ — - 8 age Arranged compactly on stands in tiers, Vary-Tally 
can be supplied in almost any combination or 
numbers of counters, right down to single units. 
Write for prices. Veeder-Root Incorporated, 


Hartford 2, Connecticut. 


LOW-COST 
INSPECTION 





= for every 
Noo ; \ machine 
[resi — _{'_—“~"_ jn your plant 


Visi-trol free-standing Quality 
Control utility cabinet provides 
nvenient live torage for to 
ond gages plus eye-level chart 
holder. Three shelves hold needed 
tools; doors protect them from 
dirt and grease Cuts inspection 
time—reduces scrap—and in- 


creases efficiency 


Complete assembly includes sion 
holder, chart holder, gage and 
tool cabinet, and hea 

steel stand. Pr 

tfit only $80.00; lower in 
juantities. Ask for Bulletin QC 
1056 for complete detail: 





ENGINEERS - MANUFACTURERS SINCE 1946 


ENGINEERING 
COMPANY 


Yeah, we got that little leak licked—now it flows in a continuous 9345 HUBBELL « DETROIT 28, MICH. * VE6-9765 
stream 
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Harold H. Johnson, director of 
tional Malleable and Steel Castings Company 
in Cleveland Clinic Hospital Aug. 22 after a year 
long illness. His absence will be conspicuous to 
the members of the Cleveland section as well as to 
those in the foundry industry where he had beer 
especially noted as a speaker on quality control 

















r OOK Rey ‘ r WV S W. D. Baten, Editor 


rsity Drive, East Lansing, Mic! 


ANALYSIS FOR PRODI 
AGEMENT by E. H. B 
Fetter, Rict D rw 


between variance 


tor comple te 


nanaLvemet 
of bot! 
Chapter ‘| 


inspecuio! 
1 
sequential 


sampling 





YOUR Report of PROCESSING QUALITY LEVELS is SURE to reach the FRONT OFFICE when you use 
R. G. BOCK P. Q. SCOPES with the QUALITY INDEX of STANDARD CONFORMITY 


for complete information address 


R. G. BOCK ENGINEERS — 905 No. Sheridan Rd., Peoria, Illinois 
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The M 


lained with exa 


in introduction t 


| iples n Chapter 1] Lt u 1 course in statistics, and a 


Chapter 12 deal 


mizing retu 


course in economics. These prerequisites 


or their equivalent will help the 


with methods ot maxi 
re ader 
models described obtain maximum benefit from this text 


nvestment in produ 
tion equipment The 
an be useful for evaluating investments It is virtually impossible for one volume 
in inventory varketing, and other areas cover in sufficient detail all of the 
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Precise measurement to 
0.0001” and 1 min. of arc 


Gaertner 
Toolmakers’ Microscope 


Here is a reliable, easy-to-use micro 
scope for precise measurement of piece 
parts tools, dies, thread gages, te mplate s 
jig3, fixtures, etc. Ideally suited for mak 
of precision measure 
ments and is especially valuable in re 
ducing rejects in production work 

With the Gaertner Toolmakers’ Micro 
scope you make direct, non-destructive 
measurements no contact, no distor 
tion, images are sharp and clear. It is a 
hasic measuring instrument for inspec 
tion depts., gage labs, tool and die and 
model shops, industrial and research labs 


ing a wide variet\ 


Che Gaertner Toolmakers’ Mi roscope 
has been proven in use by U. S. Govern 
ment Gage Laboratories, and by prime 
contractors and their subcontractors 
With all parties using the same measur 
ing instrument inspection procedures 
are co-ordinated and disagreements and 
rejects minimized 
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EASY, CONVENIENT OPERATION 
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measuring procedure 
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of reading 
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Write for Bulletin 147-56 
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Buy blocks 
witha 
"Built-in” 
Wear 
Factor! 


ELLSTROM CHROMIUM PLATED GAGE BLOCKS 


are guaranteed “minus nothing” 


from nominal size! 





Here at last are gage blocks with a 
positive ‘built-in’ wear factor! The only 
blocks ever produced and priced as 
standard with dimensional accuracy 
unconditionally guaranteed to be within 
specified millionths on the “plus” side of 
nominal block size and minus “zero 
absolutely nothing undersize! 


This complete elimination of the con- 
ventional minus tolerance gives you, the 
gage block user, three new and ex- 
clusive benefits. First, it provides positive 
assurance against receiving new blocks 


ELLSTROM 


STANDARDS Measuring 
22038 Beech Street « Dearborn, Michigan 
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used. Second, it gives you finer, more 
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edge that every Elistrom block you buy 
will start wearing foward its nominal size 
rather than away from it. And third, it 
gives you a guaranteed minimum wear 
factor equivalent in millionths to the full 
minus tolerance specified as standard 
for all other makes of blocks! 


Write for descriptive literature contain 
ing complete price information today! 


DEARBORN GAGE COMPANY 


M onths for Three Generations 


IT THE NITED STATES ANO CANADA 


“W''—WORKING ACCURACY BLOCKS 
Measured Length: + .000008"/— .000000” 
Parallelism: .000004" Flatness: .000004" 


“1"—INSPECTION ACCURACY BLOCKS 
Measured Length: + .000004"/— 000000" 
Parallelism: .000003" Flatness: .000003° 


“L''—LABORATORY ACCURACY BLOCKS 
Measured Length: +-.000002"/— .000000” 
Parallelism: .000001” Flatness: 000001” 
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